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BACKGROUND OF THE INVENTION 
Field of the invention 

The present invention relates to a bearing 
alloy for high-temperature application which is used in 
5 an oxidizing atmosphere at high temperature. 

Technical background 

Conventional bearings for high-temperature 
application , especially bearings in exhaust gas control 
valves of gasoline or diesel engines , variable valves of 

10 gas turbines, and so forth, are used in an oxidizing 

atmosphere at a tempera ture exceeding 700 °C. There has 
been an increasing demand for a bearing alloy which can 
be suitably used in an oxidizing atmosphere at such a 
high temperature. In order to satisfy the demand , the 

15 inventors of the present application suggested a bearing 
alloy which can be used even at 900 °C/ as disclosed in 
JP-A-5-17839. 

The known bearing alloy consists of , by 
weight, 9 to 30 % Cr f 5 to 19 % Fe, 0.1 to 1.5 % Si, 2 

20 to 22 % Co, 1.4 to 11 % Mo, and the balance of Ni and 
unavoidable impurities, and has a structure in which 
hard particles of a Co-Mo-Cr-Si-system intermetallic 
compound are dispersed in the alloy matrix. Further, 
according to JP-A-5-17839, in order to improve oxidation 
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resistance of the known bearing alloy f it is essential 
to sinter a green compact of a powder thereof and 
subsequently hot-compress it to increase the density 
thereof. When the mating material is an Ni-base heat 
5 resisting alloy of the precipitation hardening type, 

the bearing alloy exhibits excellent sliding properties 
because of the hardness as high as Hv 300 to 500. 
However, for example, when a soft mating material such 
as austenitic stainless steel of Hv 100 to 300 is used, 

10 wear loss of the mating material increases in spite of 
the fact that the friction coefficient is low, which 
results in a problem of deterioration in durability 
owing to wear of the mating material. Moreover, in the 
manufacturing process of the known bearing alloy, the 

15 density must be increased by hot-compressing so as to 
improve oxidation resistance, which makes the process 
complicated. 

It is therefore an object of the present 
invention to provide a bearing alloy for high- 

20 temperature application which scarcely wears a mating 
material even if the mating material is soft and has a 
hardness not higher than Hv 300, which bearing alloy has 
excellent oxidation resistance without increasing the 
density by hot-compressing and can be easily 

25 manufactured. 

SUMMARY OF THE INVENTION 

According to a first feature of the invention, 
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there is provided a bearing alloy consisting of f by 
weight, 2 to 8 % Cr, 2 to 10 % Fe, 0.1 to 1.5 % Si, 2 
to 22 % Co, 1.4 to 11 % Mo, and the balance of Ni and 
unavoidable impurities, the bearing alloy having a 
5 structure in which hard particles of a Co-Mo-Cr-Si- 
system intermetallic compound are dispersed in the 
matrix in a proportion of 5 to 35 weight percent to the 
matrix • 

1) The Cr content is limited to 2 to 8 % on the 
10 ground that if it is less than 2 %, oxidation resistance 

of the matrix is inadequate, and if it is more than 8 %, 
the rate of powder compression can not be increased, and 
a sintered material of high density can not be obtained. 
Therefore, considering the oxidation resistance deterio- 
15 rating at high temperature, the Cr content is 2 to 8 %. 
Preferably, it is 5 to 7 % in consideration of forming 
property and oxidation resistance. 

2) The Fe content is limited to 2 to 10 % on the 
ground that if it is less than 2 %, the high temperature 

20 strength is inferior, and if it is more than 10 %, 

powder used for the alloy becomes hard, and the compres- 
sion ratio of the powder can not be increased resulting 
in that a sintered material of the alloy can not have a 
high density and thus the oxidation resistance is 

25 deteriorated. Consequently, the Fe content is 2 to 10 
%, preferably, 4 to 6 % because the high temperature 
strength and the oxidation resistance are more 
excellent. 
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3) An amount of hard particles of the Co-Mo-Cr- 

Si-system intermetallic compound is limited to 5 to 35 
weight percent in the matrix on the ground that if it is 
less than 5 %, the sliding properties is not satis- 
5 factorily improved at high temperature, and if it is 
more than 35 % f forming property of powder becomes 
inferior, and also, the alloy becomes hard, thereby 
increasing wear loss of a mating shaft during sliding 
movement. Further, the hard particles of the Co-Mo-Cr- 

10 Si-system intermetallic compound must be dispersed in 
the matrix. It is preferable that the hard particles 
having a size of 100 to 200 \xm are dispersed uniformly 
in the matrix. 

The hard particles of the Co-Mo-Cr-Si-system 

15 intermetallic compound has the close-packed hexagonal 

crystal structure, which consists of by weight, 26 to 30 
% Mo, 7.5 to 9.5 % Cr, 2.4 to 2.6 % Si, and the balance 
of Co and improves the sliding properties of the alloy. 
In order to form the Co-Mo-Cr-Si-system hard particles 

20 of the close-packed hexagonal crystal structure, the 
elements of Si, Co and Mo should be contained in the 
whole alloy as follows: 0.1 to 1.5% Si, 2 to 22% Co, and 
1.4 to 11% Mo. 

According to a second feature of the 

25 invention, the bearing alloy according to the first 
feature further comprises 1.5 to 5 weight percent BN. 
When BN content is not less than 1.5 %, the powder is 
restrained to seize to dies during powder forming. 
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However, as the content of BN increases, the alloy 
becomes softer, and also, when the temperature exceeds 
700°C, the oxidation resistance decreases. Therefore, 
the BN content is limited to 1.5 to 5 %. 
5 According to a third feature, there is a 

combination of a bearing and a shaft, in which the 
bearing is formed of the bearing alloy according to the 
first or second feature and the shaft has a hardness of 
Hv 100 to 300 which is supported by the bearing. 
10 According to the combination, the bearing well operates 
as a sliding material at a high-temperature with a 
smaller wear loss of the mating shaft. 

DETAILED DESCRIPTION OF THE INVENTION 

According to the first feature of the 

15 invention, the bearing alloy for high-temperature 

application comprises, by weight, 2 to 8 % Cr, 2 to 10 % 
Fe, 0.1 to 1.5 % Si, 2 to 22 % Co, 1.4 to 11 % Mo, and 
the balance of Ni and unavoidable impurities, and the 
bearing alloy includes the structure in which Co-Mo-Cr- 

20 Si-system hard particles of 5 to 35 % by weight are 

dispersed in the matrix, so that the bearing alloy for 
high-temperature application can have excellent oxida- 
tion resistance even if the hot-compressing process 
after sintering is omitted, and can have excellent wear 

25 resistance while decreasing wear loss of the shaft. 

According to the second feature, 1.5 to 5 % BN by weight 
is added to the bearing alloy according to the first 
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feature , so that seizure with forming dies during powder 
molding can be prevented , thereby facilitating the 
manufacture of this bearing alloy for high-temperature % 
application. 

5 According to the third feature, the bearing 

formed of the bearing alloy according to the first or 
second feature, and the shaft having a hardness of Hv 
100 to 300 which is supported by the bearing, are 
combined into the sliding material for high- temperature 
10 application, so that this sliding material can exhibit 
the effect of decreasing wear loss of the mating shaft 
according to the first or second feature most 
remarkably. 

Example 

15 Specimens of the invention will now be 

described. 

In order to manufacture specimens of the 
invention and comparative specimens for experiments, 
the following powders of raw materials were mixed. A 

20 pure Ni powder had a particle size of minus 250 mesh 
(not more than 60 um). An Fe-Cr alloy powder had a 
particle size of minus 250 mesh (not more than 60 \xm) , 
and was composed of 46 weight percent Cr, and the 
balance of Fe and unavoidable impurities. A Co-Mo-Cr-Si 

25 alloy powder had a particle size of minus 100 mesh (not 
more than 150 \im) , and was composed of, by weight, 28 % 
Mo, 8.5 % Cr, 2.5 % Si, and the balance of Co and 
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unavoidable impurities. A BN powder had an average 
particle size of 300 um. 

These raw material powders were mixed at 
compounding rates shown in Table 1, and mixed powders of 
5 specimens of the invention 1 to 11 and comparative 
specimens 12 to 19 which had compositions shown in 
Table 2 were prepared. During mixing, 1 % zinc stearate 
was added to improve the forming ability. The mixed 
powders thus obtained were molded into circular solid 
10 bars having a diameter of 22 mm and a length of 50 mm 
under a compression pressure of 6 t/cm 2 . 
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Table 1 



Type 

*• J XT 


No. 


Powder Compounding Rate (Unit: wt%) 


Pure 
Ni 
Powder 


Fe-Cr 
Alloy 
Powder 


Co-Mo-Cr-Si 
Powder 


BN 


• 


-L 


OZ 


p 
o 


JLU 






z 


/ D 


1 9 
± z 


1 n 






J 




XD 


i n 

JLU 






4 


79 
1 Z 


Q 
O 


9fl 
zu 








68 


12 


20 


_ 


Specimen 






8 


10 




of 


6 


79 


3 


Invention 


7 


75 


12 • 


10 


3 




8 


71 


16 


10 


3 




9 


69 


8 


20 


3 




10 


65 


12 


20 


3 




11 


74 


16 


10 


- 




lz 


DO 


1 *7 
1 / 


on 
ZU 








50 


30 


20 


- 


Comparative 


14 


60 


35 


5 




specimen 




40 


25 


35 




15 






16 


22 


58 


20 






17 


47 


30 


20 


3 




18 


57 


35 


5 


3 




19 


37 


25 


35 


3 
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Table 2 







i = : — — a 

Composition (Units wt%) 


Type 


No. 


Ni 


Fe 


Cr 


Co 


Ho 


Si 


BN 




1 


Bal. 


2.6 


4.4 


6.0 


3.2 


0.4 


- 




2 


Bal. 


3.9 


6.1 


6.0 


3.3 


0.4 


- 




3 


Bal. 


5.2 


7.9 


6.0 


3.5 


0.3 


- 




4 


Bal. 


2.6 


5.2 


12.0 


6.0 


0.6 




% 9T% Vlk 

bpecinien 
of 


5 


Bal. 


3.9 


7.0 


12.0 


6.2 


0.7 




x nvenui on 


6 


Bal. 


2.6 


4.4 


6.0 


3.2 


0.4 


3 




7 


Bal. 


3.9 


6.1 


6.0 


3.3 


A A 

0.4 


3 




8 


Bal. 


5.2 


7.9 


6.0 


3.5 


0 . 3 


3 




9 


Bal. 


2.6 


5.2 


12.0 


6.0 


0.6 


3 




10 


Bal. 


3.9 


7.0 


12.0 


6.2 


0.7 


3 




11 


Bal. 


5.2 


7.9 


6.0 


3.5 


0.3 






12 


Bal. 


5.4 


9.3 


12.2 


6.3 


0.8 






13 


Bal. 


9.5 


15.1 


12.2 


6.8 


1.0 






14 


Da 1 

PCI . 


11 1 


16.0 


3.1 


2.8 


0.7 




Specimen 


15 
16 


Bal. 
Bal. 


8.0 
18.4 


14.1 
27.5 


21.4 
12.2 


10.8 
8.0 


1.3 
1.4 






17 


Bal. 


9.5 


15.1 


12.2 


6.8 


1.0 


3 




18 


Bal. 


11.1 


16.0 


3.1 


2.8 


0.7 


3 




19 


Bal. 


8.0 


14.1 


21.4 


10.8 


1.3 


3 
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The bars were heated to 500 °C for adequate 
dewaxing of zinc stearate, and thereafter sintered in an 
atmosphere of "Hj+Nz" at 1150°C for one hour. Thus, 
specimens for the following tests were manufactured. 
Concerning an invention specimen 11, it was heated to 
900°C and hot-compressed under a compression pressure of 
6 t/cm 2 . 

With the invention specimens 1 to 11 and the 
comparative specimens 12 to 19 thus obtained, hardness 
measurements, oxidation resistance tests and sliding 
properties tests were performed. 

The hardness measurements were conducted at a 
room temperature (20°C), 500°C and 900°C, respectively. 
The resultant values of hardness (Hv) are shown in Table 
3. 
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Table 3 







Hardness (Hv) 


Type 


No. 


Room 
Temperature 


500°C 


900°C 




1 


100 


65 


51 




2 


113 


73 


53 




3 


121 


78 


60 ; 




4 


133 


94 


68 




5 


136 


100 


74 


Specimen 
of 


6 


R7 


60 


43 


Invention 


7 


QR 
73 


65 


45 




Q 
O 


1 in 
111* 


71 
/ J. 


50 




9 


lie 


oft 


D / 




10 


120 


93 


61 




11 


127 


83 






12 


148 


109 


81 




13 


161 


127 


88 




14 


170 


130 


90 


Comparative 
Specimen 


15 
16 


183 
190 


136 
141 


93 
100 




17 


153 


120 


81 




18 


160 


121 


83 




19 


162 


119 


83 
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As a result, It was found that the hardness 
(Hv) decreases as the temperature is raised, and that 
the hardness at 900 °C is as low as about half of the 
hardness at the room temperature. By comparing the 
invention specimens 1 to 3, 6 to 8 and the comparative 
specimens 12 to 14, it was found that the matrix becomes 
harder as the Fe or Cr content increases. By comparing 
the invention specimens 1 and 4 or 2 and 5, it was 
found that the alloy becomes harder as the amount of 
Co-Mo-Cr-Si-system hard particles increases. Moreover, 
it was found that 3 % addition of BN lowers the hardness 
Hv. 

In the oxidation resistance tests, the 
specimens were machined into a bearing shape having an 
outer diameter of 16 mm, an inner diameter of 10 mm and 
a length of 20 mm, and were maintained in the atmos- 
pheric air at 900 °C for 10, 20, 50, 100 hours. From 
increases in the weight, increase rates of the weights 
before and after heating, i.e., 100 x ((weight after 
heating) - (weight before heating) )/ (weight before 
heating), were derived. The results are shown in Table 
4. 
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Table 4 



— 






Processing time 










(Temperature : 900°C) 




Type 


No. 


10 


20 


50 


100 






hours 


hours 


hours 


hours 




1 


0 


ft 


0 1 


0.1 




2 


0 


0 1 


0.1 


0.1 




3 


0.1 


0.1 


0.1 


0.1 




4 


0.1 


0 . 1 


0.2 


0.2 




5 


0.2 


0.2 


0.3 


0.3 


Opt; \* XillCl 1 






0.4 


0.6 


0.6 


of 


6 


0.4 


Invention 










0.6 




7 


0.4 


0.5 


0.6 




8 


0.4 


0.4 


0.4 


0.6 




9 


0.5 


0.5 


0.6 


0.8 




10 


0.5 


0.5 


0.6 


0.9 




11 


0 


0 


0.1 


0.1 




12 


0.5 


U . 3 




0.5 




13 


0.4 


0.4 


0.5 


0.5 




14 


0.4 


0.5 


0.4 


0.4 


Compara- 








0.6 




tive 


15 


0.5 


0.6 


0.6 


Specimen 








1.3 


1.3 


16 


1.1 


1.2 




17 


0.4 


0.5 


0.5 


0.5 




18 


0.6 


0.6 


0.7 


0.8 




19 


0.6 


0.7 


0.9 


1.0 
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In consequence f it was found that the weight 
increase rates of the invention specimens 1 to 5 after 
100 hours are 0.1 to 0.3 and have more excellent oxida- ; 
tion resistances even if the hot-compressing process 
5 after sintering is omitted, as compared with the 
comparative specimens 12 to 16. By comparing the 
invention specimens 1 and 4 or 2 and 5, it was found 
that the alloy is oxidized more easily as the amount of 
Co-Mo-Cr-Si-system hard particles increases. However, 

10 it was found that the invention specimen 11 subjected to 
the hot-compressing process has a weight increase rate 
of 0.1 and is little oxidized. Moreover, the invention 
specimens 6 to 10 to which BN was added exhibited 
somewhat higher weight increase rates because BN is 

15 oxidized from a temperature of about 700 °C. 

In the sliding properties tests, the 
specimens were machined into test plates, and friction 
wear tests were conducted with these test plates and 
mating sliding members which were pins made of JIS 

20 SUS304 (comprising 9.3 % Ni, 19 % Cr, and the balance of 
Fe and unavoidable impurities) having a hardness of Hv 
250, and having a diameter of 4 mm. While a load of 2 
kg was applied to the pins, the pins were reciprocated 
at an average speed of 1 m/min. for one hour. The slid- 

25 ing properties tests were conducted at temperatures of 
500°C and 900°C. The results are shown in Table 5. 
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Table 5 

i 







Friction Coefficient 


Pin Wear Volume 

(mm 3 ) ! 


Type 


No. 


500°C 


900°C 


500°C 


900°C 




i 


0.67 


0.46 


0.30 


0.28 




z 


0.66 


0.48 


0.44 


0.32 






0.65 


0.48 


0.53 


0.41 


Specimen 
or 




0.68 


0.42 


0.81 


0.68 


Invention 


c 


0.67 


0.43 


0.92 


0 • 83 | 




6 


0.82 


0.59 


0.32 


0 • 30 




7 


0.80 


0.61 


A A A 

0 . 44 


n o a 
0 . J4 




8 


0.78 


0.63 


0.54 


0.45 




9 


0.80 


0.61 


0.83 


0.71 




10 


0.81 


0.62 


0.93 


0 . 87 




11 


0.63 


0.44 


0.51 


A A A I 

0.40 






0.64 


0.43 


1.05 


0.95 






0.63 


0.41 


1.26 


1.12 




14 


0.81 


1.13 


1.21 


1.11 


tive 


15 


0.51 


0.36 


1.27 


1.18 


Specimen 


16 


0.63 


0.48 


1.30 


1.21 




17 


0.78 


0.62 


1.30 


1.17 




18 


0.88 


1.20 


1.28 


1.16 




19 


0.58 


0.59 


1.25 


1.16 
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Coefficients of friction at 900°C had a 
tendency to be lower than those at 500°C. However, 
large differences were not observed between the 
invention specimens 1 to 11 and the comparative 
5 specimens 12 to 19. 

Moreover, it was found that the invention 
specimens cause smaller volumes of pin wear than the 
comparative specimens either at 500°C or at 900°C, and 
that the invention specimens do not cause the mating 
10 shaft to wear. 
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CLAIMS: 

1. A bearing alloy for high-temperature applica- 

tion essentially consisting of, by weight, 2 to 8 % Cr, 
2 to 10 % Fe, 0.1 to 1.5 % Si, 2 to 22 % Co, 1.4 to 11 % 
Mo, and the balance of Ni and unavoidable impurities, 
and having a structure in which hard particles of a Co- 
Mo-Cr-Si-system intermetallic compound are dispersed in 
the matrix in the proportion of 5 to 35 weight percent 
to the matrix, the respective component of the inter- 
metallic compound being also counted in the alloy 
composition. 

2. A bearing alloy for high-temperature applica- 
tion essentially consisting of, by weight, 2 to 8 % Cr, 

2 to 10 % Fe, 0.1 to 1.5 % Si, 2 to 22 % Co, 1.4 to 11 % 
Mo, 1.5 to 5 % BN, and the balance of Ni and unavoidable 
impurities, and having a structure in which hard par- 
ticles of a Co-Mo-Cr-Si-system intermetallic compound 
are dispersed in the matrix in the proportion of 5 to 35 
weight percent to the matrix, the respective component 
of the intermetallic compound being also counted in the 
alloy composition. 

3. A combination of a bearing and a mating shaft 
which is supported by the bearing, wherein the bearing 
is made of the bearing alloy defined in any of claim 1 
and 2, and the mating shaft has a hardness of Hv 100 to 
300. 

4. A bearing alloy for high temperature application 
substantially as hereinbefore described. 

5. A coiribination of a bearing and a mating shaft which is 
supported by the bearing substantially as hereinbefore described. 
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